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Abstract
Background: Cause-specific mortality is a commonly used endpoint of clinical trials or prospective studies. However, it 
is sometimes difficult for physician to determine the underlying-cause-of-death (UCD), especially for diabetic patients 
coexisted with cardiovascular diseases (CVD). The aim of this survey was to examine whether internists with different 
specialties have different opinions on the reporting of diabetes as the UCD.
Methods: A total of 549 physicians completed the questionnaire in Taiwan, which comprised seven hypothetical case 
scenarios, each indicating a different level of contribution of diabetes in initiating the chain of events leading to death.
Results: As a whole, endocrinologists were more likely than cardiologists and nephrologists to report diabetes as the 
UCD. The differences were more prominent when the diabetic patient had a coexisting CVD. In scenario 3 (a diabetic 
patient with hypertension who died from acute myocardial infarction), the percentage was 56% in endocrinologists, 
which was significantly higher than in cardiologists (42%) and nephrologists (41%). In scenario 4 (a diabetic patient 
with hypertension who died from cerebrovascular infarction), the percentage was 45% in endocrinologists, and only 
31% in cardiologists and 36% in nephrologists.
Conclusions: Internists of different sub-specialties do have different opinions on the reporting of diabetes as the UCD, 
especially when the diabetic patient has a coexisting CVD.
Background
Cause-specific mortality is a commonly used endpoint of
clinical trials or prospective studies. Cause-of-death data
are tabulated according to the underlying cause-of-death
(UCD), which is defined by the World Health Organiza-
tion as "the disease or injury which initiated the train of
morbid events leading directly to death" [1]. One of the
difficulties faced by physicians in completing the cause-
of-death certification is to decide which disease "initi-
ated" this train. Given the same clinical case scenarios of a
patient, different physicians might identify different dis-
eases as having "initiated" the train. For example:
Sepsis T Death
Pneumonia T Sepsis T Death
Stroke T Pneumonia T Sepsis T Death
Coronary heart disease T Stroke T Pneumonia T Sepsis
T Death
Diabetes mellitus T Coronary heart disease T Stroke T
Pneumonia T Sepsis T Death
All of the above statements are in correct causal
sequence and are acceptable; however, the UCD assigned
for each statement is different. The cause-of-death sec-
tion of the death certificate is designed to elicit the opin-
ion of the medical certifier, and the reported cause of
death represents a medical opinion that might vary
among individual physicians [2].
When a person with diagnosed diabetes dies, different
physicians might have different opinions on whether the
death process was "initiated" by the diabetes. Studies
using case scenarios with diabetes have indicated that
physicians show great variations in the reporting of dia-
betes as the UCD [3-5]. Despite the existence of many
studies that have investigated the factors associated with
the reporting of diabetes on death certificates [6-14], few
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have examined the possible effects of the characteristics
of certifiers [10-14]. Two studies have suggested that pri-
mary physicians are more likely to report diabetes on
death certificates [10,14]. Nonetheless, little is known
about whether internists of different sub-specialties have
differing opinions on the reporting of diabetes as the
UCD.
The aim of this study was therefore to examine whether
endocrinologists, cardiologists, and nephrologists have
different opinions on the reporting of diabetes as the
UCD. The rationale for choosing the aforementioned
sub-specialties is several-fold. Most diabetic patients are
cared for by internists of different sub-specialties: the
presence of endocrinologists is obvious due to their role
in the diagnosis and management of diabetes; the other
two sub-specialties are involved in the outcomes and
complications of diabetes, with cardiologists present for
the macro-angiopathy of diabetes and nephrologists for
the micro-angiopathy of diabetes.
Methods
Scope of this study
The process of production of the UCD for official mortal-
ity tabulation consist two steps: 1) certification by physi-
cians and 2) coding according to the ICD rules. This
study dealt only with the certification process. Previous
studies using diabetes-related case scenarios to examine
physicians' certification behavior asked the physicians to
complete the cause-of-death section on the dummy death
certificate for each case scenario [3-5]. We did not use
dummy death certificate in this study because many phy-
sicians reported incorrect causal sequences [4,15], which
could not provide useful information in judging relative
role of diabetes in contributing to death. We thus listed all
possible correct layouts of each scenario and let the phy-
sician choosing the most suitable layout. Furthermore, we
did not provide detail clinical information like previous
studies did [3-5] we thus could not provide a reference
UCD in each scenario.
Participants
This study has been approved by National Cheng Kung
University Institutional Review Board. With the help of
the Diabetes Association, the Society of Cardiology and
the Society of Nephrology in Taiwan, questionnaires were
mailed to members with sub-specialty qualifications, and
three waves of reminders were sent to those who did not
return the questionnaire. A total of 549 physicians
returned the questionnaire, representing a response rate
of 26% (549/2076). The response rate varied with sub-
specialty, and was 34% (116/340) for endocrinologists,
19% (190/1000) for cardiologists, and 33% (243/736) for
nephrologists.
Survey questionnaire
The questionnaire comprised seven hypothetical case
scenarios, each indicating a different level of contribution
of diabetes in initiating the chain of events leading to
death. Some of the case scenarios were modified from the
study by Balkau et al. [3]. In scenarios 1 and 2, the dia-
betic patient died from more 'direct' diabetic complica-
tions, i.e., hyperglycemic hyperosmolar nonketotic coma
and sepsis due to a diabetic foot ulcer. In scenarios 3 and
4, the diabetic patient died from more 'indirect' macro-
vascular complications, such as acute myocardial infarc-
tion (AMI) and cerebrovascular infarction. In scenarios 5
and 6, the diabetic patient died from 'opportunistic' infec-
tion, e.g., pneumonia and urinary tract infection. In sce-
nario 7, the diabetic patient died from 'independent'
competing causes of death, e.g., respiratory failure owing
to chronic obstructive pulmonary disease. We hypothe-
sized that the percentage of cases in which diabetes was
r e p o r t e d  a s  t h e  U C D  w o u l d  d e c r e a s e  f r o m  s c e n a r i o  1
through 7, because the role that diabetes played in "initi-
ating" the death process decreased from scenario 1 to 7
(Figure 1).
To avoid the responding physician reporting incorrect
causal sequence on dummy death certificate for each case
scenario, we firstly provided an instruction on cause-of-
death certification published by the Department of
Health of Taiwan was included along with the question-
naire to remind the physicians how to correctly certify
cause-of-death statements. We then used a specific
choice form for each case scenario, which listed all possi-
ble 'correct' layouts of cause-of-death statements. Thus,
the chosen causal relationship between diseases and the
assigned UCD represented the real intent of the certify-
ing physician. Please see the questionnaire [Additional
file 1].
Statistical analysis
The main outcome of this study was the percentage of
cases in which diabetes was reported as the UCD by the
participating physicians. We used 95% confidence inter-
vals (95% CI) to examine the differences in the percent-
Figure 1 The seven hypothetical case scenarios indicating differ-
ent level of contribution of diabetes in initiating the chain of 
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ages for various hypothetical case scenarios, and further
compared the differences in percentages by sub-specialty
using the chi-square test.
Results
The characteristics of the responding physicians are
shown in Table 1. The age distribution of cardiologists
was a little bit different from the other two specialists,
which composed more aged respondents. A higher per-
centage of nephrologists practiced in clinics (most of
these clinics were dialysis centers). Only half of the
responding physicians had issued a death certificate
within the past half-year.
The percentage of cases in which diabetes was reported
as the UCD differed greatly across case scenarios, raging
from 99.6% for scenario 1 to 1.8% for scenario 7 (Table 2).
Generally, the ranking of percentages by scenario fol-
lowed the order we hypothesized; one exception, though
not statistically significant, was the percentage for sce-
nario 6, which was higher than we expected. In other
words, ph ysicians t hough t t ha t dia bet es pla yed a more
significant role in "initiating" opportunistic infections
than in "initiating" cerebrovascular diseases.
Overall, a higher percentage of endocrinologists
reported diabetes as the UCD as compared with cardiolo-
gists and nephrologists (Table 2). The differences were
more prominent when the diabetic patient died from a
macro-vascular disease. In scenario 3 (a diabetic patient
with hypertension who died from AMI), the percentage
was 56% in endocrinologists, which was significantly
higher than in cardiologists (42%) and nephrologists
(41%). In scenario 4 (a diabetic patient with hypertension
who died from cerebrovascular infarction), the percent-
age was 45% in endocrinologists, 31% in cardiologists and
36% in nephrologists. For the other scenarios, no signifi-
cant differences between sub-specialists were found.
Discussion
Our results suggest that internists of different sub-spe-
cialties have different opinions on the reporting of diabe-
tes as the UCD with regard to the role that diabetes
played in "initiating" the chain of events leading to death.
We also found that, at least in Taiwan, endocrinologists
are more likely than cardiologists and nephrologists to
r e p o r t  d i a b e t e s  a s  t h e  U C D ,  e s p e c i a l l y  w h e n  d i a b e t i c
patients die from macro-vascular complications such as
AMI and cerebrovascular infarction.
One strength of this study was that we simplified the
case scenarios and standardized the wordings, explicitly
asking the certifying physicians whether diabetes "initi-
ated" the death process, which could reduce the diversity
in interpreting the same case scenarios. The second
strength was the use of choice form which listed all cor-
rect layouts for each case scenario thus could avoid the
reporting of incorrect causal sequences by responding
physicians.
One of the limitations of this study was that the
response rate 26% (549/2076) in this study was not very
satisfactory compared with previous studies, which
ranged from 56% (168/300) to 91% (274/300) in a Euro-
pean study [3], 86% (124/145) among general practitio-
ners in a Taiwan study [4] and 12% (590/4800) among
residents in an US study [5]. However, we don't think
there was possible reason to assume that characteristics
of non-respondent in particular specialist differed greatly
from other specialists (i.e., misclassification bias) and will
bias our conclusions. The second limitation was that,
owing to the resources available, we compared only three
Table 1: Characteristics of respondents by sub-specialty
Endocrinologists Cardiologists Nephrologists
n % n % n %
Total 116 100.0 190 100.0 243 100.0
Age (years)
≤ 39 31 26.7 43 22.6 64 26.3
40-49 55 47.4 69 36.3 124 51.0
50-59 25 21.6 51 26.9 49 20.2
≥ 60 5 4.3 27 14.2 6 2.5
Practice type
Medical center 43 37.1 73 38.4 46 19.1
Regional hospital 45 38.8 62 32.6 48 19.9
Area hospital 16 13.8 22 11.6 60 24.9
Clinic 12 10.3 33 17.4 87 36.1Lu et al. BMC Endocrine Disorders 2010, 10:13
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Table 2: Percentage (%) of respondents reporting diabetes as the underlying cause of death in various hypothetical case 
scenarios by sub-specialty
All respondents Endocrinologists Cardiologists Nephrologists
Hypothetical case scenarios % (No) % (No) % (No) % (No)
1. Diabetic patient died from hyperglycemic hyperosmolar 
nonketotic coma
100 (542/544) 100 (114/114) 99 (186/188) 99 (237/240)
2. Diabetic patient with foot infectious ulcer and died from 
sepsis
78 (422/543) 78 (87/112) 76 (144/189) 79 (191/242)
3. Diabetic patient with hypertension and died from acute 
myocardiac infarction
44 (239/539) 56 (62/110) 41 (78/188) 41 (99/241)
4. Diabetic patient with hypertension and died from 
cerebrovascular infarction
36 (194/541) 45 (49/110) 31 (59/189) 36 (86/242)
5. Diabetic patient with uremia and died from pneumonia 38 (206/542) 43 (49/110) 38 (71/187) 36 (86/241)
6. Diabetic patient with liver cirrhosis and urinary tract 
infection and died from sepsis
42 (228/540) 45 (50/111) 39 (74/189) 43 (104/240)
7. Diabetic patient with chronic obstructive pulmonary 
disease and died from renal failure
2 (10/545) 2 (2/114) 3 (6/189) 1 (2/242)
sub-specialties. In future studies we could include inter-
nists of other sub-specialties, such as infectious diseases,
or compare the results among residents.
Some of the case scenarios in this study were modified
from the study by Balkau et al. [3]; we can therefore make
robust comparisons between physicians in Taiwan and
physicians in European countries. For patients who die
from a diabetic coma, physicians of the different coun-
tries unanimously agree that diabetes should be recorded
as the UCD. For diabetic patients who die from AMI, the
percentage of cases in which diabetes is reported as the
UCD ranged from 3% in France to 26% in Northern Ire-
land, both of which are much lower than in Taiwan (44%).
By the same token, for diabetic patients who die from
cerebrovascular disease, the percentage was found to be
less than 15% in European countries, but was 36% in Tai-
wan.
One of the possible reasons why Taiwanese physicians
reported higher percentage in selecting diabetes as the
UCD was that the status of diabetes management in Tai-
wan was suboptimal. According to a cohort study of 2446
p a t i e n t s  ( f r o m  2 5  d i a be t i c  c e n t e r s )  wi t h  m o r e  t h a n  1 2
months of diabetes management found that 59% of par-
ticipants had HbA1c >7.4% [16]. Another nationwide sur-
veys to evaluate the status of diabetes control in 7541
diabetes subjects among 114 accredited Diabetes Health
Promotion Centers in Taiwan in 2006 indicated that only
32.4% of subjects whose HbA1c levels was less than 7%
[17]. The authors of above mentioned two studies all con-
cluded that the majority of Taiwanese patients had unsat-
isfactory glycaemic control which may lead to diabetes
complications.
Another indirect evidence was that given similar per-
centage of reporting diabetes on death certificate
between Taiwan, Australia and Sweden, Taiwanese physi-
cians were more likely than their counterpart physicians
in Australia and Sweden to report diabetes on part I of
death certificates, which results in a higher percentage of
cases in which diabetes is assigned as the UCD [12]. Little
is known as to whether the high percentage of cases in
which diabetes is reported on part I of the death certifi-
cate is due to the real intent of certifying physicians or to
errors in cause-of-death certification. According to the
results of this study, we could conclude that the high per-
centage of cases in which diabetes is reported on part I of
the death certificate was a reflection of the real intent of
Taiwanese physicians.
In terms of the high percentage of reporting diabetes as
the UCD by Taiwanese physicians, especially when the
diabetic patients coexisted with AMI and cerebrovascular
diseases, we suggest the following recommendations. As
the cause-of-death section of death certificate is designed
according to preventive medicine, the certifying physi-
cians could evaluate how well the prevention has been
done. If diabetes were well control (e.g., HbA1c lower
than 7%), we suggest that certifiers could enter diabetes in
Part II of the death certificate. On the contrary, if the
patient did not control blood sugar level well and it is
highly possible that diabetes was the perpetrator of car-
diovascular diseases, then the certifiers could enter dia-
betes in Part I of the death certificate.
Conclusions
Despite the low response rates, the findings of this study
concord with the original hypothesis about the hierarchyLu et al. BMC Endocrine Disorders 2010, 10:13
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in the percentages of case scenarios for which diabetes is
reported as the UCD, i.e., from 'direct' diabetic complica-
tions to 'indirect' macro-vascular complications to
'opportunistic' infection and then 'independent' compet-
ing causes of death. This study further suggests that inter-
nists of different sub-specialties have different opinions
on the reporting of diabetes as the UCD, especially when
the diabetic patient has a coexisting cardiovascular dis-
ease. Because of these certifier preferences, underlying
cause statistics are not entirely reliable. Therefore, in
addition to standardizing certification practices, the
authors could also advocate more research using multiple
causes of death, which include analyses that use informa-
tion from Part II of the death certificate.
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